Preparation procedure of Sn-incorporated in meso pores of MCM-41 has been studied for reduction of acetophenone to 1-phenylethanol. Tin was incorporated into the meso pores of MCM-41 by a template ion exchange (TIE in the following) method. Almost 20 wt% of Sn was loaded in the meso pores and ca. 70 % of template was still remained together. Calcination treatment to remove the residual template ions brought about significant collapse of the periodical hexagonal structure of MCM-41 and decrease of surface area because of heat of combustion of the template in the pores accompanying with sintering of incorporated tin. We have investigated the procedure to remove the template from the MCM-41 by rinsing with HCl before or after the tin incorporation to avoid vigorous exothermic combustion during the calcination. Almost 70-80 % of template was liberated by the rinse with HCl. The hexagonal structure and surface area were maintained after Sn incorporation. The rinse with HCl aqueous solution before the tin incorporation brought about an enhancement of specific activity, formation rate of 1-phenylethanol from acetophenone per incorporated amount of Sn. The rinse of HCl before the incorporation increased the specific activity by a factor of 2-3.
INTORDUCTION
The synthesis of unsaturated alcohol is an important process for perfume and pharmaceutical industries. Typical hydrogenation reactions of unsaturated carbonyl compounds over metallic catalysts gave mainly saturated products. The hydrogenation of crotonaldehyde (CH 3 CH=CHCHO) over Rh/SiO 2 gave butyraldehyde (CH 3 CH 2 CH 2 CHO) and 1-butanol (CH 3 CH 2 CH 2 CH 2 OH) (Nishiyama et al., 1997) . The addition of Sn brought about formation of the unsaturated alcohol, crotyl alcohol (CH 3 CH=CHCH 2 OH). We have considered that Sn plays an important role in selective activation of carbonyl group (Nishiyama, 1999) . The hydrogenation of C=C double bonds is unable to be avoided, if the reaction was carried out over metallic catalysts under hydrogen atmosphere.
The hydrogen transfer reaction between unsaturated carbonyl compounds and secondary alcohols forms unsaturated alcohols selectively. We have already reported that tin and zirconium oxide supported catalysts were highly active and selective for the formation of unsaturated alcohols (Nishiyama et al., 2003) , (Nishiyama et al., 2004) . Silica-and MCM-41-supported Sn and Zr oxide catalysts indicated almost 100 % of selectivity of unsaturated alcohols, e.g. 100 % selectivity of crotyl alcohol in the reduction of crotonaldehyde by 2-butanol. The activity was increased with the loading of Sn or Zr on MCM-41 up to 20 wt%. At higher than 20 %, the yield of 1-pheniylethanol was decreased with the loading. These results suggest that sintering of Sn or Zr oxide particles in meso pores of MCM-41.
Highly dispersion of Sn or Zr oxide at higher content in the meso pores will be important to obtain the highly active and selective catalysts. Template ion exchange method for metal or metal oxide supported on MCM-41 was studied for high loading incorporation of active components by Yonemitsu et al. (Yonemitsu et al., 1997 (Yonemitsu et al., , 1998 . In this report, effect of TIE method for the preparation of Sn-incorporated MCM-41 catalysts was investigated on the reduction of acetophenone. The procedure of removal of the residual template was also discussed.
EXPERIMENTAL

Catalyst preparation
MCM-41 was synthesized under a hydrothermal condition. The mixed solution of hexadecyltrimethylammonium bromide (0.1 mol, Nacalai tesque, Kyoto) and H 2 SO 4 (0.045 mol, Nacalai tesque), and sodium silicate (0.25 mol as SiO 2 , Nippon Chemical Industrial, Tokyo) solution were simultaneously dropped in to the water (213 ml) with stirring vigorously. The obtained mixture was settled in an autoclave and heated up to 373 K. The temperature was hold for 24 h. The synthesized powder was filtrated and rinsed several times with hot deionized water and dried at 393 K for 24 h. The obtained was referred as MCM-41 as synthesized, which still contained the template ions.
Tin was supported on MCM-41 by the TIE method. The MCM-41 as synthesized was immersed in an aqueous solution of SnCl 2 (Nacalai tesque). Tin ions were incorporated in to the pores of MCM-41 and some portion of template ions was liberated. After the incorporation, residual template ions were removed by calcination in flowing air at 823 K for 3 h followed by reduction at 873 K in flowing H 2 (Sn-MCM-41(TIE)).
The rinse with HCl aqueous solution was carried out to remove template ions under mild condition. The MCM-41 as synthesized was immersed in 0.1 M of HCl aqueous solution at 353 K for 2 h, followed by Sn-incorporation by the TIE method (Sn-MCM-41(HCl→TIE)). The rinse with HCl was also carried out for the Sn-incorporated MCM-41 as synthesized (Sn-MCM-41(TIE→HCl)). The obtained were calcined in flowing air at 823 K for 3 h followed by H 2 reduction at 873 K.
Characterization
Atomic absorption analysis was carried out by using AA-6200 spectrometer (Shimadzu, Kyoto) to evaluate the amount of tin incorporated in to the pores of MCM-41. The atomic absorption line at 224.6 nm was used for quantitative analysis.
DTA-TG analysis of the catalysts was carried out by using DTG-60 analyzer (Shimadzu) under flowing air at 20 K/min of programmed heating rate, in order to estimate the amount of residual templates ions in the catalysts before calcinations.
X-ray diffraction powder patterns were measured by using X-ray diffract meter RINT-2100 (Rigaku, Tokyo) for evaluation of structural change of MCM-41. Copper Kα X-ray was used and the tube was operated under 40 kV and 40 mA.
To estimate surface area of the catalysts, nitrogen adsorption was carried out at 77 K (BET method) in a conventional static vacuum system. The catalysts were evacuated at 473 K prior to the nitrogen adsorption.
Reaction procedure
The reduction of acetophenone to 1-phenylethanol was carried out in a stainless steel autoclave at 393 K under 1.0 MPa (gauge) of nitrogen for 20 h. Twenty milligram of the catalyst, 0.2 ml of acetophenone (Nacalai tesque) and 4 ml of 2-propanol were charged in the autoclave and inside of the reactor was substituted with nitrogen several times before reaction. The products were analyzed by a gas chromatograph, GC-18A (Shimadzu) equipped with CYCRODEX-B 30 m-capillary column.
RESULTS AND DISCUSSION
Template ion exchange method
The detail of TIE process is summarized in Figure 1 . The template ions, hexadecyltrimethylammonium ions, form a rod shape micelle in aqueous solutions. When silica structure was built up around the micelle, hexagonal pore structure of MCM-41 was obtained. The pore size was directly depended on the size of the micelle rod. In the case of hexadecyltrimethylammonium cations, the size of the rod was estimated at ca. 3.4 nm. As synthesized form of MCM-41 contained the micelle rods in the pores as shown in the left of Figure 1 . When the MCM-41 as synthesized was immersed in SnCl 2 aqueous solution, some portion of the template ions was exchanged with Sn as shown in the middle. If all of template ions were substituted to Sn, an well dispersed Sn oxide supported MCM-41 catalyst at high loading would be expected. After TIE, the catalyst precursors were calcined in air at prescribed temperatures in order to remove the residual template ions. Figure 2 shows DTA-TG patters of the MCM-41 as synthesized and Sn-MCM-41(TIE). The template ions in MCM-41 were removed by combustion in flowing air at lower than 700 K as shown in Figure 2 . The DTA-TG patter of Sn-MCM-41(TIE) indicates that a new peak at 800 K was observed in the DTA curve and was ascribable to decomposition of tin salt to tin oxide. Furthermore, significant intensity of template combustion peak was also observed on the DTA curve of Sn-MCM-41(TIE). A quantitative evaluation of DTA-TG analysis indicated ca. 70 % of template ions were remained in the pore of MCM-41 after the incorporation. The detail results over various loading Sn-MCM-41(TIE) catalysts are summarized in Table 1 . The loading of Sn was increased with the concentration of Sn in the immersion solution. Drastic decrease of surface area was observed on 20.1 wt% Sn-MCM-41(TIE). The activity for the reduction of acetophenone was sharply decreased with loading from 14.3 to 20.1 wt% as shown in Table1. Figure 3 shows XRD patterns of the catalysts. MCM-41 indicated the typical meso porous structure in the figure. The peak intensities at 2.3, 4.0, 4.5, and 6.0 degree were decreased with the Sn incorporation up to 14.3 wt%. At 20.1 wt% of Sn, the periodical meso pore structure disappeared as shown in Figure  3 . These results indicate that higher loading of Sn would bring about collapse of meso pore structure, and that both the decrease of surface area and activity were observed on 20.1 wt% Sn-MCM-41(TIE). A possible mechanism has been considered as shown in Figure 4 . As Sn might be exchanged easily with the template ions, Sn ions were agglomerated near the mouth of meso pores of MCM-41 as shown in Figure 4 . After calcinations of the catalysts, Sn would be readily sintered to a larger tin oxide particles, 
Removal of template ions by HCl treatment
The low activity of Sn-MCM-41(TIE) catalysts was ascribable to the sintering of tin oxide during the calcinations in order to remove the residual template ions explained above. If the residual template ions are removed under a mild condition, agglomeration of tin oxide particles would not be so serious. Hydrogen chloride treatment of the template ion containing samples was studied to obtain an well dispersed Sn-MCM-41(TIE) catalysts. The sequence of HCl treatments before or after TIE was investigated. HCl treatment preceding TIE: The MCM-41 containing template ions, was immersed in the HCl aqueous solution before TIE. The XRD powder patterns of the obtained Sn-MCM-41(HCl→TIE) are shown in Figure 5 . The HCl treatment of MCM-41 as synthesized brought about disturbing the periodical hexagonal structure of MCM-41. The typical peak at 2.5 degree of 2θ was weakened and broadened as shown in Figure 5 . The content of Sn could not be controlled by changing the concentration of SnCl 2 aqueous solution.
Almost 80 % of template ions were removed by the HCl treatment and TIE. DTA-TG pattern of Sn-MCM-41(HCl→TIE) is shown in Figure 6 corresponding to combustion of the residual template ions was lowered. These results indicate that the template ions were effectively removed by the HCl treatment preceding TIE. The activity for the reduction of acetophenone was shown in Table 2 . Even though the Sn content was only 3-4 wt%, the yield of 1-phenylethanol (1-PEA) was observed at 17-18 %. The specific activity, molar formation rate of 1-PEA per unit Sn contained the catalyst, attained to 2.5-2.7 mol/h·mol-Sn. HCl treatment after TIE: The Sn-MCM-41(TIE) samples were immersed in the HCl aqueous solution to remove the residual template ions. The XRD podwer patterns of Sn-MCM-41(TIE→HCl) are shown in Figure 7 . The HCl treatment after TIE indicated that only little modification on diffraction patters of the periodical hexagonal structure as shown in Figure 7 . The BET surface area of the catalysts was ca. 20-30% smaller than that of MCM-41 (≈1000 m 2 /g) and that the amount of the liberated template ions was ca. 50 %, as shown in Table 2 . The DTA-TG pattern of Sn-MCM-41(TIE→HCl) shows the peak corresponding to combustion of template ions was significantly decreased by the HCl treatment after TIE as shown in Figure 6 . The yield of 1-PEA in the reduction of acetophenone showed that the highest yield of 40.5 % was obtained over 10.7 wt% Sn-MCM-41(TIE→HCl) as indicated in Table 2 . These results suggest that the HCl treatment is effective way to remove the residual template ions in the meso pores of MCM-41 under mild condition. It also indicates that the agglomeration of Sn oxide particles by heat of combustion was escaped.
The catalytic activity for the reduction of acetophenone was summarized over the all catalysts used here in Table 2 . The specific activity at fifth column indicates the intrinsic activity of Sn oxide particles, including a factor of effective surface area of the active component. The catalysts which were prepared by the HCl treatment preceding TIE showed the highest specific activity among the catalysts used here. Sn/MCM-41(IMP) was the catalyst prepared by a conventional impregnation method. The highest yield, 38.9 % was observed at the loading of 20 %, identical to 0.993 mol/h·mol-Sn. These results indicate that the template ion exchange method itself is not so superior preparation method to a conventional im- pregnation, because the agglomeration would occur during the calcinations to remove the residual template ions. The HCl treatment gave an advantage to avoid severe combustion heat of the residual template. It is also suggested that the ion exchanged Sn species is well-dispersed before the calcinations.
CONCLUSIONS
1) Well dispersed Sn-MCM-41 catalysts were prepared by TIE method.
2) The calcinations to remove the residual template ions caused the collapse of periodic structure of MCM-41.
3) The particle size of Sn oxide might also become larger and plugged the meso pores of MCM-41. 4) The HCl treatment was effective to avoid the pore structure collapse and particle size growth of Sn oxide.
5) The HCl-treated Sn-MCM-41 catalysts indicated higher specific activity than Sn/MCM-41 prepared by a conventional impregnation method and Sn-MCM-41 without the HCl-treatment for the reduction of 
